This article seeks to highlight some distinctive issues involved in the use of mobile information and communication technologies (MICTs) in the healthcare context. A three-layered framework for analysing cases of MICT-in-use is developed from the literature and employed to analyse evidence from a number of healthcare MICT pilot studies. These indicate that MICTs create new implementation challenges, and that developers and implementers appear to pay little attention to the particular workflow modalities of mobility and their relationship with the type of MICT. In terms of effects on clinical work practices, MICTs seemed to make access to information easier but not necessarily faster. Better integration of MICTs with other hospital systems and use of wireless networks were seen as necessary to achieve greater uptake. Areas for further research that might support the implementation of MICTs in healthcare are identified.
Introduction
Mobile information communication technology (MICT) is said to constitute an unprecedented revolution in healthcare [1] , with some authors suggesting that the adoption of MICT is inevitable [2] . Pilot studies using handheld [2] [3] [4] , wireless laptops [3] or tablet PCs [4] to support clinical work have also identified many potential benefits of such devices, including: their ability to provide bedside access to information for evidence-based medicine or to the electronic medical record (EMR) or hospital information system (HIS); increased prescription accuracy; and reduced decision errors, paperwork and professional miscommunication [2] . As with desktop IS, however, mobile computing per se is not enough to improve healthcare, since improving care, or supporting it, is more than just giving professionals easier access to information and communication. Technical aspects are enmeshed with many others that need to be identified to understand how best to implement these technologies in healthcare organizations. MICT by definition, however, introduces a new dimension in information systems -mobility [5] [6] [7] . This article therefore seeks to identify some particular characteristics of mobile ICT that arise from their mobility and which may affect their use and implementation in healthcare organizations. This is timely since, as Norris [8] argues, 'healthcare is only just beginning to think about the implications and opportunities offered by wireless technologies'.
Theory and background
Three distinctive aspects of MICTs are discussed in the literature that may be seen as affecting their use in healthcare settings: particular issues relating to their implementation; the modalities of mobile workflow; and effects on work practices. This section elaborates on each of these in turn to construct an analytical framework.
Implementation issues
Several authors suggest that MICTs raise particular technical and implementation challenges. Campbell and Durigon [9] , for example, present a brief review of the types of wireless networks, their requirements and compatibility issues as well as security challenges raised by wireless technology. Privacy and security issues, such as how to ensure the integrity of original records, protecting information in handheld devices and attacks on wireless set-ups, are also discussed by other authors [2, 10, 11] . Moreover, MICTs require not only reliable technical solutions but also behavioural changes in individual and organizational users, adding yet another novel component to MICT training. Training is another implementation issue that has been raised by some authors [2, 10] and, although this is not new to MICT implementations/pilots, it may acquire new elements, such as increasing users' awareness of the risk of losing devices containing private and confidential information, or training on better doctor-patient-machine interaction.
Modalities of mobility
The terms 'mobile', 'ubiquitous', 'pervasive 'and 'anytime/anywhere' computing are often used interchangeably in the literature [1, 12] . Lyytinen and Yoo [6] , however, suggest that mobile computing should be restricted to situations that increase our 'capacity to physically move computing services with us. As a result, the computer becomes a taken-forgranted, ever-present device that expands our capabilities to inscribe, remember, communicate, and reason independently of the device's location' [6] . While these authors refer only to spatial mobility, others, like Esbjörnsson and Vesterlind [13] and Green [5] , also emphasize mobility through social time and space. Green [5] , for instance, argues that 'mobility means [that] people are able to retain continuity in their tasks and mental processes regardless of the physical separation and, to an extent, of time synchronization'.
MICT, therefore, means that computing resources are potentially accessible wherever people are located and at whatever time. We would argue, however, that this goes beyond the 'anytime/anywhere' paradigm -currently increasingly associated with 24/7 wireless connectivity -to include even what could be described as 'mobile independent computing', i.e. where ICTs can be used in work practices in any location, but not necessarily constantly online.
Using such technologies, healthcare professionals can thus retain their connection (perhaps intermittently) to others as well as to the healthcare organizational IS (e.g. EMR) and to information resources (e.g. medical reference data or the WWW) while moving around. Potentially this could enable them to diagnose, prescribe, alert and discuss in new ways and, to an extent, regardless of time and space. Thus MICTs become 'time flexible' and 'space-adjusting technologies' that reduce the impact of physical distance in work patterns and relationships and may alter rhythms of activity [5] . To understand these changes some authors [7, 14, 15] have identified particular modalities of spatial mobility.
Kristoffersen and Ljungberg [7] , for example, distinguish three 'modalities' of mobility -travelling, visiting and wandering -each of which has distinct characteristics:
• Travelling is the process of going from one place to another, [often] in a vehicle.
• Visiting is spending time in one place for a prolonged period before moving on to another place.
• Wandering is extensive local mobility in a building or local bounded area in the sense that the person is walking around.
These different modalities need not be mutually exclusive and there may be differences within them. Thus some forms of travelling modality may affect the suitability of certain types of MICT device (e.g. a laptop may be usable while travelling on a train, while a person travelling by bicycle might prefer to carry a small PDA). Similarly the weight of a device becomes an issue in wandering modality, or a visitor might bring ICT devices to the place they visit, e.g. a laptop, a tablet PC or a handheld, or they might use an installed desktop device. Another aspect of mobility is highlighted by Luff and Heath who discuss micromobility [15] : 'the way in which the artefact may be mobilised and manipulated for various purposes around a relatively circumscribed, or "at hand" domain'. An example is a paper-based medical record that is used for both synchronous and asynchronous collaboration between the doctor and other professionals, and between the patient and the doctor, or a tablet PC manipulated over an exam room table desk between the physician and the patient.
Effects on work practices
In addition to the effects of mobility per se, the introduction of MICT in healthcare settings may affect healthcare professionals' work practices. Davis [1] , for example, discussed the effects of MICT on knowledge work (of which healthcare professionals may be considered to be practitioners) in terms of anytime/anyplace computing, i.e. under situations of 24/7 online wireless connectivity. His main claims are based on the idea that MICT enables professionals to have easier access to data and, by extension, knowledge production.
Another area of healthcare work affected by MICT that is recognized as being of growing importance is communication [16, 17] . For example, Coiera [16] suggests that MICTs affect the nature and style of communication, while Davis [1] argues that ease of communication introduced by the 'at hand' availability of communication devices contributes to a coordination and blurring of personal and working lives. Green [5] , in a study of the effects of MICT on the time/space organization of work practices, claims that physical presence and availability become less important to coordinate people's activities. She also raises concerns about the intrusion of work into personal time/space.
Framework for analysing cases of MICT-in-use
Combining these three aspects -implementation issues, mobility modality and the effects on work practices -a framework may be developed for analysing the distinctive features of MICT use in healthcare settings. This is presented in Table 1 . In the remainder of the article a number of case studies will be analysed with respect to this framework. 
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Analysis of reports of healthcare MICT pilot studies
In a survey of the literature on MICT use to support physicians' work practices, 14 reports were found. Our analysis, however, will be focused on five of these which describe exploratory evaluations or feasibility studies of different technical set-ups (wired vs wireless network; handheld/tablet PC or laptop devices) [4, 18, 19] . The remaining nine studies [20] [21] [22] [23] [24] [25] [26] [27] [28] largely confirm the findings of these reports and are therefore not considered further. The selected studies are not claimed to be representative, though. Rather they are seen as illustrating the salience of the issues identified in the framework across a diverse range of technical settings. Table 2 summarizes particular findings of each study as reported by their authors.
A brief synopsis of these reports is presented below to provide a picture of the sorts of clinical work practices (to the extent that these are described in the sources) in which the MICT were used, to help contextualize some of the comments in the subsequent analysis. Using all information was time consuming information [19] Pilot using 19 wired Palm © Pocket size allowed information availability computers with medical Paper and electronic databases did not reveal an reference and scheduling advantage of one medium over the other information [18] Users would have appreciated using the device to access the hospital EMR 22 wireless laptops with access 50% adopted the technology to hospital EMR available to Time with patient increased 25%; patient response was clinicians in examination overwhelmingly positive rooms [3] IT staff support required was 2-4 times larger than for desktop Tablet PCs with wireless LAN Not quicker than paper-based systems used for e-prescribing and Ease of use: rated as successful by users drugs administration in a Effect on prescribing and medicines administration is hospital ward [4] unclear Wireless Palm VII ® handhelds The majority used the handheld while off-campus available to 21 physicians (travelling or on an off-site clinic) for access to HIS and Difficulty reading data due to small form factor and font EMR [29] size The possibility of accessing clinical data when away from a computer was appreciated by users Sackett and Straus [19] describe one of the earliest attempts to determine the feasibility of finding and applying evidence (i.e. information available from medical textbooks, journals and other peer reviewed information sources) during clinical rounds. The study was designed as a descriptive feasibility study of the use of evidence by a general medicine inpatient service in a UK hospital. Observations were made over the course of one month of the number of times sources were used, the success of searches, the time taken and whether the search affected patient care. An anonymous questionnaire was also administered at the end of the study. A team of nine medical students, seven junior doctors, one research fellow and one consultant was involved. An 'evidence cart' that included a laptop loaded with medical reference information (but without wireless connection) and also a textbook and some paper sources of evidence was provided. The study sought to assess the impact of the availability of the cart on clinical ward rounds. Although the focus of the report is on the frequency, duration and diversity of information sources used, interestingly the authors provide a brief description of the three different types of ward rounds: 'posttake rounds' included bedside assessment of all new patients admitted; 'team rounds' included a full review of each patient; and 'student teaching rounds' were 'attended by medical students, research fellows and consultant, and the students presented individual patients in the team meeting room and at the bedside'. The focus of the project as a whole was on supporting the information needs of the clinical teams, and interestingly the different types of ward round practices were shown to be correlated with different frequencies of use of evidence sources. Unfortunately, the authors do not specify if there were differences in accessing such information via the laptop or from the paper printouts that are mentioned as being available for some of the electronic information.
Martins and Jones Mobile ICT
127
Lapinsky et al. [18] describe an evaluation of handheld technology (without wireless capability) for managing patient data and accessing medical reference information, in a Toronto academic intensive-care unit. Over six months, 20 physicians and six paramedical staff were given the handheld devices for use in their daily work. Their opinions were collected via individual interviews and through three focus-group meetings. Data were analysed by an independent evaluation company. Although their argument is that handhelds introduce portability to clinicians' interactions with hospital IT resources, the report provides no description of the geography of the workplace or (mobile) work practices. The only indicator we have is that 'patient data was entered by residents, either during morning rounds or when patients were admitted to the ICU. The updated database was beamed to the on-call resident in the evening and transmitted back to the team in the morning, with new admissions added.' This does not, however, tell us whether the devices were used in a mobile manner or not. The report focuses on individual usage and most of the results (both quantitative and qualitative) concern user-machine interaction issues, the evaluation of applications and the gathering of software development suggestions. There is an indication that during the six months of the study the 20 physicians did not use the handheld devices in the same way. Residents (registrars) had to create a duplicated version of existing patient paper records by direct input into the handhelds, which was particularly difficult during busy weekends, and was perceived as difficult and demotivating. More senior staff -attending physicians (consultants) and fellows -on the other hand, provided the most favourable responses. The authors attribute this to the fact that the latter were usually not responsible for entering patient data and that they were 'more likely to benefit from having patient data available while on call outside the ICU', although no evidence of this work practice is given.
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In 1998, Dworkin et al. [3] evaluated the use of wireless laptops for examination room access to the Kaiser Permanente Northwest EMR. The six month project included pre-and post-implementation surveys of doctors, the recording of clinical time in the exam room pre-and post-implementation, and technical evaluations (e.g. network performance) as well as collection of feedback from patients. Out of 22 clinicians, 11 were reported as having 'successfully adopted' the system. The report focuses on the technical details of the project, and explains that a wireless mobile device was chosen as 'no PCs have been physically sited in exam rooms, for several reasons, including lack of network cabling, small size of rooms, and cost of PCs at the time of initial implementation'. Some clinicians, however, had requested access to the EMR in the exam room. The authors make sense of this by providing a brief description of their work practice: 'accustomed to entering the exam room with the paper chart and writing orders/charting while in the exam room, many clinicians have found it inefficient to have to return to the office to transcribe written notes and enter orders in the EMR'.
The report by Jones [4] describes a qualitative, formative evaluation of the implementation and use of tablet PCs for electronic prescribing and medicines administration in a renal ward of a large UK teaching hospital. In-depth, semi-structured interviews were held before and after system implementation with nurses, pharmacists and doctors working at the unit. In late 2002, wirelessly networked tablets were shared among doctors and nursing staff and provided access to electronic drugs charts for all patients on the ward. The tablets were used by doctors to review medication during the ward round, for electronic prescribing (predominantly by junior doctors) and for medicines administration by nurses. The report focuses predominantly on understanding the implementation of the application in terms of the change from a paper-based to an electronic process and exploring users' perceptions of its success. Some technical and training issues specific to the mobile ICT devices used were highlighted, but the report does not describe departmental work practices with regards to mobility, or whether the same application was accessible via desktop PCs. Thus, as in [18] , it is not possible to fully understand the mobile use of these devices and the application running on them.
Holleran et al. [29] report on a 6 month pilot intended to evaluate a wireless handheld technology that 'allows users to view patient lab results, radiology and transcribed reports . . . retrieved in real time' and provides access to organizational contact information (such as the phone directory, e-mails), both on and off the hospital campus. Their main aim was to explore the usability, performance and feasibility of the system. Twenty-one physicians of different grades participated and were asked to complete an exit survey. The majority of the participants were reported to have used the handheld while off campus but, unfortunately, the authors provide no indication of what sort of tasks this was for, what motivated this use or the circumstances of use.
Discussion
Technical and implementation issues
Comparing these five studies, it can be seen that training was said to be insufficient [3, 4, 18] in several cases. In [18] , for example, the authors proposed that adequate education coupled with ease of data entry would have been required for better acceptance by users.
Martins and Jones Mobile ICT
Follow-up training was suggested in [18] while training focusing on the integration of the device into effective patient-clinician interaction was suggested in [3] . Finally, it is possible that MICT will require not only different training objectives but also different methods and demand new skills from healthcare professionals. Little evidence is available from the pilot studies on this however.
Problems or limitations attributed to small screen size [4, 18, 29] were reported in pilots using handheld/tablet PCs, as well as a high number of units being damaged by dropping [4, 18] . Battery problems were reported in [3, 4] , although the authors are not clear as to whether these technical problems reduced the use of MICT. Limited connectivity, however, can be identified in all reported studies not using wireless technology [18, 19] . Maintaining network connectivity at all times was found to be possible in one study [3] , with similar wireless and wired network response times in the wireless laptop set-up. This was at the expense, however, of much higher IT staff support than that of a desktop set-up. In [29] , speed and signal strength were reported as problems leading to low usage of the system (only 11-20 accesses to clinical data and 21-30 for the phone directory, per user, in six months). Lastly, while privacy and security issues are prominently discussed in the literature, they were not generally mentioned in these reports, perhaps because of the limited duration and scale of the studies. The exception is Holleran et al. [29] , which describes the security measures undertaken, including that 'system logon and application authorization were required to authenticate the users and their access . . . system timeout, application audition and suppression of confidential patients'. This may be because it is the only study where patient information was accessible 'off campus'.
Modalities of mobility
Holleran et al.'s study [29] clearly showed MICT being used to support travelling modality since doctors could use their handheld devices anywhere and results showed 'the majority used the handheld while off campus (travelling or at an off site clinic)'. This may be due to the availability of alternative (desktop) devices in stationary settings such as the doctors' office or a hospital ward, while on campus. Unfortunately, the authors only present offcampus results in an aggregated manner, and thus it is not possible to understand the proportion of usage in travelling situations compared with 'off-site clinic' usage. In addition the reasons for the higher usage of MICT in these two, quite distinct situations are not discussed and so cannot be assessed.
Visiting modality was clearly identifiable and was taken into account in the project design and report by [19] in which the aim was to provide information during teaching ward rounds.
MICT was used with the intent of providing IS resources compatible with wandering modalities in studies with handhelds [18] and tablet PCs [4] in order to support work within hospital wards. Neither of the studies report if this was achieved completely, but in [18] it is mentioned that the pocket size of the MICT device was a factor in allowing continuous information availability.
Only the report by Dworkin et al. [3] makes an allusion to a practice that could be categorized as micromobility -where doctors used laptop mobility around the examination room desk to discuss data with patients. Interestingly the authors suggest this potential was not exploited as fully as it could have been had IT training included not Health Informatics Journal 11 (2) only technical, typing and software skills but also issues of integration of the device in the medical consultation practice.
The studies provide some evidence of how usage of MICT resources may be influenced by the type of hardware employed and the applications in use. Dryer et al. [12] , among other findings, reported that differences were found to exist between mobile use of laptops and handheld computers and that the type of device (e.g. level of familiarity, ability to share input and output) influenced users' and non-users' attitudes towards IT. Another interesting issue is raised by Kristoffersen and Ljungberg [14] who observed that mobile users are still very influenced by traditional stationary IT use: that is, they use mobile IT as if it was stationary, for example by searching for a table to put the laptop on. Most of the reports available on MICT use by physicians [20] including those analysed in detail here [18] provide very poor descriptions of the mobility aspects of work practices, limiting the insight they offer on workflow mobility modalities as well as their compatibility with the MICT hardware adopted.
Possible effects of MICT on healthcare professionals' work practices
Many of the effects of MICT in Table 1 are difficult to assess using the reported studies [18] , as the short duration of pilot studies prevents analysis of longer-term changes. The reports also tend to focus on the intervention itself with little qualitative information about people and organizational work processes and outcomes using mobile devices of the type that are reported in studies in other domains [30] . The reported studies, however, provide some evidence on this topic that is worth discussing.
MICT was said to make access to information easier [4, 18] but using it was time consuming [19] and often not superior to paper-based systems [4] . The devices were shown to change decision-making, although their effects on patient care were not conclusive [4, 19] .
Users' desire to access patient information (e.g. EMR, HIS) through MICT devices was reported in three studies [4, 18, 19] and the absence of such functionality was identified as a possible reason for the limited impact of MICT strategies in improving care. In pilots that provided such access via a wireless network [3, 29] user satisfaction was higher and, although patient outcomes were not studied, it was claimed that MICT increased productivity by 25 per cent in consultation time and patient response was highly positive [3] , suggesting that significant increased efficiency was achieved from combining MICT with a comprehensive EMR.
Dryer et al. [12] argue that some mobile devices favour group use of information (e.g. laptop) while others favour individual use (e.g. handheld computers) and this could impact teamwork or increase individualization of work practices. Evidence from the pilot studies analysed could be said to support this argument to an extent. Studies using laptops, supporting either a clinical team [19] or doctor-patient [3] interactions, highlighted discussion and collective use of information. In [3] this was said to have been highly appreciated by patients. Studies of handheld devices [18, 29] , in contrast, were mainly concerned with individual usage device potential and problems. Tablet PC usage by doctors and nurses in [4] was not discussed in detail. Interviewed users, however, suggested that 'on-ward support might be provided by senior nurses acting as "superusers", supporting doctors while they learned the system', suggesting more collective use of MICT.
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Conclusion
In conclusion, the analysis of evidence from these pilot studies may be seen to have implications in each of the aspects identified.
Regarding implementation, for example, the findings offer support for the literature [9] that suggested that MICTs create new challenges that are different from those associated with desktop IS. These include management of wireless networks, battery and hardware robustness, as well as changes in IT/IS training to account for mobility and exploit its full potential;
In terms of the modalities of mobility and their relationship with the type of MICT device, evidence from the reports shows that that issue was not a stated consideration for device choice, nor were its characteristics described or taken into account when analysing results. This seems to suggest that this issue, already being recognized as crucial in other sectors [30] , needs to be brought to the attention of healthcare MICT project developers and implementers.
Possible effects on work practices identified in the reports indicated that MICT made access to information easier [4, 18] , but not clearly faster. Users seemed to want easier access (for input and output) to more information, especially patient-related (such as EHR and HIS-based data), and were more positive when wireless technology was used. Lastly, the analysis of these reports seems to confirm Dryer's argument that some mobile devices favour group use of information while others favour individual use [12] , an aspect that received little attention in the studies but that would seem particularly relevant in healthcare settings.
This article has sought to identify some of the novel challenges for healthcare posed by the implementation and use of MICT through the development of a three-level analytical framework addressing implementation issues, modalities of mobility and effects on work practices. While it is possible to identify some support for the framework from the limited number of MICT pilot studies reported in the literature, it is clear that more attention to these issues in both the design and reporting of studies would be desirable if these devices are to be used effectively in healthcare settings.
